T hrombus formation and reduced leaflet motion have been reported in transcatheter and in surgically implanted bioprosthetic aortic valves, as well. 1, 2 Although the clinical implications of this finding remain uncertain, observational data have raised concerns regarding increased risks of thromboembolism and decreased valve durability. 1, 3 4 Increased blood residence time on the valve leaflets has been proposed as a mechanism of leaflet thrombosis, but clinical data for this proposed mechanism are not available.. 5 In the current study in this issue of Circulation, authors use CT scans of patients (n=72) in the RESOLVE registry (Assessment of Transcatheter and Surgical Aortic Bioprosthetic Valve Thrombosis and Its Treatment With Anticoagulation) (ClinicalTrials. gov. Unique identifier: NCT02318342) and report a method to quantify thrombus and then correlate thrombus burden with valve expansion and implantation depth. 6 They create an in vitro model to study flow patterns in the aortic sinus by using a transcatheter aortic valve model and propose potential mechanisms for thrombus formation by using this model. They report that overexpansion of the Edwards Sapien S3 valve, deeper implantation of the Medtronic CoreValve Evolut R, and lower cardiac output were associated with increased thrombus burden on quantitative CT analysis. Using the in vitro model, they demonstrated lower velocity of blood flow and decreased the clearance of particles in similarly simulated situations in the neosinus.
The concept of the neosinus is an important one, with unique flow characteristics depending on the type and size of bioprosthesis used, and the exact location of deployment and native valve anatomy, as well ( Figure) . The native valve can be visualized as a divider between the TAVR valve leaflets and the aortic wall. The space between the TAVR valve leaflet and valve cage (divider) is defined as the neosinus, and the space between the native valve and the aortic wall is defined as the anatomic (native) sinus. The TAVR valve cage has a cover/skirt, which also forms part of the divider. The shape and height of these dividers vary depending on the valve
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type, length of native leaflets, valve size, and depth of TAVR valve implantation. The authors sought to determine whether characteristics of these dividers contribute to thrombus formation on TAVR valve leaflets.
The in vitro model demonstrated that the velocity of flow in both the anatomic sinus and neosinus was dependent on cardiac output and the size of these sinuses. This is an important observation and raises an interesting question whether the flow velocities can be measured in vivo using echocardiography to identify patients at high risk for thrombus formation. Although the importance of cardiac output is intuitive, the proof of this concept is relevant. Thus, if the heart rate can be lowered while maintaining cardiac output, increased stroke volume may improve flow and potentially reduce the risk of thrombus formation. The flow characteristics of the neosinus can also be used to explain lower rates of thrombus formation in surgical bioprostheses where the native valve is excised, unlike the TAVR valves where native leaflets are left behind and act as a divider. In the in vitro model, the authors used a transparent divider, which appears to be square, but, in reality, the aortic leaflets are semilunar. Because current TAVR valve commissures cannot be aligned with the native commissures, the height of these dividers is dependent on rotation of the TAVR valves with respect to the native valve. In theory, alignment of commissures may help to improve flow characteristics in the sinuses. Finally, it is foreseeable that the actual design of valves could be altered to maximize flow by using this information, provided that the findings of this report can be further validated. Potential modifications in valve design can include the increased slope of leaflets at different expansion levels, alterations in cover/skirt height of valves, and height of the valve inside of the cage (extent of supra annular positioning). This is an exciting new direction that will need diligent scientific studies.
Although the authors focus on the characteristics of the neosinus, the anatomic sinus outside the neosinus may be equally important. Thrombi may initially form in this space, and, depending on the communication between the anatomic sinus and the neosinus, thrombi could propagate into the neosinus. Patent coronary arteries may provide diastolic drainage of the anatomic sinus, but this was not studied in this report. It is important to note that native sinus size, aortic valve calcification, valve morphology (bicuspid or not), along with the shape of the prosthesis, determine the final shape and size of the anatomic sinus outside the neosinus. Future studies analyzing measurements of different sinuses and their predilection for thrombus formation may provide important mechanistic information. Such information may help select specific valve types tailored to different anatomies, and also help modify future devices to minimize the risk of stasis.
One important limitation here is that the authors describe a new method for thrombus quantification using CT scans by measuring hypoattenuated areas on the leaflet. Because quantification was performed using retrospective analysis of CT scans, there was no validation for this approach by measuring actual thrombus. Furthermore, intra-and interobserver variability of this methodology is not known because the study was performed by a single observer making measurements at 3 time points in the cardiac cycle. The authors also recognize that these studies were not performed at specific times after TAVR. Because thrombus formation is a very dynamic process, reported associations with anatomy may be imperfect. Moreover, leaflet thrombosis is a multifaceted problem involving patient factors, pharmacotherapy, anatomic features, and valve characteristics. Asymmetrical expansion of the valves has also been associated with leaflet thrombosis. 7 This study focuses on anatomy and flow characteristics of the valves. Although the role of other contributing factors is beyond the scope of such a mechanistic study, they may be equally important. Despite these limitations, the authors should be congratulated for an important hypothesis-generating article. This study will undoubtedly stimulate further clinical research to understand the clinical implications of these interesting observations.
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Figure. Neosinus after TAVR.
The figure shows the neosinus and the anatomic sinus after TAVR. The dividers between these sinuses are formed by the native valve leaflets and cover/ skirt of the TAVR valve. The depth and size of implantation determines the height of these dividers. The arrows show a possible path for blood flow from neosinuses into anatomic sinuses. TAVR indicates transcatheter aortic valve replacement.
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